Abstract
). We covered branch sections of mature E. miniata trees with aluminium foil for four 4 years to exclude sunlight and thereby block corticular photosynthesis. We then compared the 5 stable oxygen and carbon isotope composition of the wood formed beneath the foil with that 6 of wood formed in adjacent, uncovered branch sections. We used these isotopic differences 7 to estimate 1) the contribution of corticular photosynthesis to wood production, and 2) the 8 proportional refixation rate during corticular photosynthesis. If wood is constructed from photosynthate contributed by both leaf photosynthesis and 1 2 corticular photosynthesis (refixation), a mass balance for the oxygen in the wood can be 1 3 written as
1 5
where W o is the oxygen content of the total wood dry matter, L o is the oxygen content of the 1 6
wood dry matter constructed from leaf photosynthate, and C o is the oxygen content of the 1 7
wood dry matter constructed from corticular photosynthate. A similar mass balance can be 1 8
written for 18 O, constructed from corticular photosynthate. Table 1 provides a summary of all symbols and 2 3 abbreviations used in this paper. Equation (2) 
2 8
Subtracting equation (1) 
for a leaf water enrichment of 10‰, the predicted difference between Δ 18 O L and Δ 18 O C will 1 be 6‰, and for a leaf water enrichment of 20‰, the predicted difference will be 12‰.
2
The carbon isotope signature of wood constructed from corticular photosynthate is also 3 expected to differ from that of wood constructed from leaf photosynthate. During refixation 4 in photosynthetic bark, photosynthetic enzymes discriminate against the heavier carbon 5 isotope, 13 C (Cernusak et al., 2001) . Because the source of CO 2 for refixation is primarily 6 respired CO 2 , refixed photosynthate is expected to have a δ 13 C more negative than that of the 7 respiratory CO 2 . The 13 C depletion of refixed photosynthate relative to respired CO 2 can be 8 described as (Cernusak et al., 2001; Cernusak et al., 2009) ratio of respired CO 2 .
9
The first term on the right side of equation (9) describes the departure from unity of the 2 0
proportional refixation rate, P/D. When P/D is small, the Δ 13 C C is large, and when P/D is 2 1 large, the Δ 13 C C is small. The second term on the right side of equation (9) which describes the one-way diffusive flux of CO 2 from the external air into the bark fractionations associated with enzymatic discrimination, diffusional fractionation, and We used equation (5) given for equation (5), but for δ 13 C, leads to the following sampled from the uncovered branch sections. The Δ Having estimated Δ 13 C C , we then solved equation (9) for P, the corticular 2 4
photosynthesis rate, in order to estimate P/D, the proportional refixation rate. This required 
1 and c i was calculated as
We conducted a sensitivity analysis to investigate the effect of variation in these assumed 4 parameter values on the estimate of the proportional refixation rate, P/D.
5
The above calculations assumed that wood in the foil-covered branch sections was C between foil-covered and uncovered branch sections, in conjunction with equation (9), parameter values is shown in Table 3 . For a given δ
13
C difference between foil-covered and estimate of P/D is also sensitive to changes in δ 13 C L -δ 13 C W (Table 3) , but this was an 2 1 observed parameter in our analysis, rather than an assumed parameter. to that of adjacent, uncovered branch sections. The isotopic enrichments, although relatively 2 7
small, were consistent among branches and statistically significant. The average increase in Pinus monticola branches following coverage with aluminium foil for one growing season exclusion by aluminium foil in defoliated plants (Saveyn et al., 2010 , 2006) . This is to be expected, as the instantaneous rate of 0.55 was based on on the illuminated side of the branch in this case will be more highly represented than that on 1 1 the shaded side of the branch, because the corticular photosynthesis rate will be higher on the expected to be higher than that based on gas exchange measurements, unless the gas
exchange measurements were made under isotropic illumination, such that all sides of the 1 5
branch were evenly illuminated.
6
Most of the CO 2 fixed during corticular photosynthesis is likely derived from within which is used to calculate Δ 13 C C and Δ 13 C D . In our analysis, we assumed that internally There is clearly some uncertainty in assigning this value to δ (Table 3) . Thus, a more refined understanding of the δ 13 C dynamics of the internal CO 2 pool 2 7
in woody tissues can contribute toward more robust δ 13 C-based estimates of P/D.
8
We observed small reductions in the nitrogen concentration of branch sections covered with aluminium foil compared to adjacent, uncovered sections ( features that lead to the evolutionary success of eucalypts with the onset of increasing 1 2 aridification in Australia during the Pleistocene (Barlow, 1981; Hill, 1994; Bowman, 2000) . probably higher than in other woody plant taxa that tend to have higher leaf area indices. upper stem and branches. In the mesic savannas where E. miniata occurs, the frequent fires the over-story trees (Williams et al., 1999) . Thus, the strategy of retaining dead bark on the 2 7 lower stem and seasonally shedding bark from the upper stem and branches to maintain 2 8 corticular photosynthesis may be particularly advantageous for a savanna tree such as E. The deciduous bark habit is exceptionally widespread in the genus Eucalyptus.
layers of rough, dead bark. Eucalypts are generally well adapted to coexisting with fire, but 1 the prevalence of decorticating bark among eucalypts is counterintuitive in this context, 2 because thin bark allows the cambium temperature to increase more during fire events than 3 thick bark. Maintenance of smooth-bark surfaces by seasonally shedding a layer of dead bark 4 therefore carries a cost in terms of reduced protection from fire, which suggests that it must 5 also provide a benefit, given the close association between eucalypts and fire. We suggest 6 that this benefit is the maintenance of capacity for corticular photosynthesis as woody tissues 7 increase in diameter with increasing age. Corticular photosynthesis provides an effective 8 mechanism for recycling respired CO 2 that would otherwise be lost from woody tissues to the 9 atmosphere. We have demonstrated that corticular photosynthesis contributed 11 ± 3% of 1 0
wood production in branches of mature E. miniata trees, based on isotopic shifts in branch photosynthesis is particularly advantageous in terms of its water use efficiency, and likely
contributes to the drought tolerance of smooth-barked eucalypts. 
Materials and Methods

8
Our study site was located approximately 30 km south east of Darwin, Northern foil was expected to block all sunlight from reaching the bark beneath it. Therefore, the 2 4
wood formed beneath the foil was expected to form in the absence of any photosynthetic
We observed no evidence of fungal infection or insect attack on the foil-covered branch 1 sections.
2
After the branches were harvested, a wood disk was taken from the centre of the foil-3 covered section. Disks were also taken from the same branches, but approximately 30 cm 4 away from each end of the foil-covered section to provide samples that had been exposed to 5 sunlight over the four year period. The disks had a width of approximately 1 cm. The bark 6 was removed from each disk, and the outer-most circumference of wood (sapwood) was 7 removed to a depth of approximately 3 mm. The wood and bark were oven-dried at 70°C for 8 several days, then ground to a fine powder for isotopic and elemental analyses. subsamples of approximately 1 mg, which was pyrolysed in a high-temperature furnace 
